Purpose: Objective documentation of airflow obstruction is often lacking in hospitalized patients treated for acute exacerbation of chronic obstructive pulmonary disease (AECOPD). The utility of spirometry performed in hospitalized patients to identify airflow obstruction, and thus a diagnosis of COPD, is unclear. Our aim was to compare inpatient spirometry, performed during an AECOPD, with outpatient spirometry. Methods: A retrospective analysis of data from patients enrolled in an AECOPD care plan was performed. As part of the plan, patients underwent inpatient spirometry to establish a COPD diagnosis and outpatient clinic spirometry within 4 weeks of hospital discharge to confirm it. Data analyzed included forced expiratory volume in 1 second (FEV1), forced vital capacity (FVC), slow vital capacity (SVC) and FEV1/ vital capacity (VC). Obstruction was defined by FEV1/VC<0.70. Results: A total of 159 patients (mean age 63.2 +/-10.5 years) had corresponding in-and outpatient spirometry. The median days between inpatient and outpatient spirometry was 12 (interquartile range [IQR] 9-16). Inpatient spirometry had a sensitivity of 94%, specificity of 24%, positive predictive value of 83% and negative predictive value of 53% for predicting outpatient obstruction. The area under curve for using inpatient spirometry was 0.82. The mean difference between inpatient and outpatient FEV1 was 0.44 +/-0.03 liters or 17.3 +/-1.13 % predicted (p<0.0001) for FEV1. Conclusions: Inpatient spirometry accurately predicts outpatient airflow obstruction, thus providing an opportunity to identify patients admitted with suspected AECOPD who have no prior spirometric documentation.
Introduction
The diagnosis of chronic obstructive pulmonary disease (COPD) is dependent upon spirometric testing. Spirometric testing is generally performed in the outpatient setting, because of concern over spurious results in hospitalized patients who are not at their baseline. The lack of confirmatory spirometric testing leads to diagnostic uncertainty in patients hospitalized for an acute exacerbation of COPD (AECOPD).
Hospitalization for an AECOPD is an important medical event that carries both a significant financial burden and physical burden.
1,2 The 2006 U.S. cost for hospitalization for AECOPD was $11.9 billion, with a mean cost per admission of $9545. 3 Readmissions after a hospitalization for COPD are high at approximately 20%, 4 and on average, cost 1.5 times more than the index admission.
5 Failure to correctly identify hospitalized patients suffering from an AECOPD can lead to: treatment failure, readmission with potential for government imposed penalties, 6 and/or inappropriate treatment that may cause patient harm and needless financial expenditures.
To date, many studies examining interventions 7 to improve inpatient COPD care are retrospective in design and dependent on International Classification of Diseases (ICD) -9 or -10 coding. 8 The ICD code is applied near the end of the hospital admission or after discharge. Identifying the AECOPD patient earlier in their hospitalization provides more time for intervention which is crucial for optimal care and readmission reduction.
9 However, there are significant barriers to this identification.
Significant discrepancies have been shown between clinician and coder diagnosis of AECOPD. In a Veterans Administration (VA) health system cohort of patients with COPD, 826 discharges were given a principal diagnosis of COPD coded by ICD, but only 56% had spirometric evidence of obstruction. A total of 21% had no spirometric measurements, 12% were unable to perform spirometry correctly, and 11% had a normal spirometry.
10 The ICD-9 billing codes may lead to over diagnosis of AECOPD, because confirmatory testing (e.g., spirometry) to document obstructive lung disease is uncommonly performed (67% not performed in a VA cohort).
11 Relying on ICD codes for AECOPD is suboptimal for resource management and channels resources inappropriately to incorrect diagnoses. Depending on which of the 5 different published ICD-9-CM algorithms is used to define AECOPD, the annual number of health care utilization and hospital mortality can vary substantially, the difference as much as 3% for in-hospital mortality and 3 million hospital days.
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The diagnosis of AECOPD is based on the presence of cough, sputum and dyspnea.
13 These symptoms are not specific for AECOPD and are common in many other disorders that occur either in association with, or distinct from COPD, such as: asthma, pneumonia, congestive heart failure or pulmonary embolism. More than 10% of hospital discharges with the principal diagnosis of COPD have normal lung function, suggesting that these patients suffer with asthma that is misdiagnosed as COPD.
10 Furthermore, a diagnosis of heart disease (which commonly presents with cough, sputum and dyspnea) is present in nearly 50% of hospitalized COPD patients.
14 COPD can be both under and over diagnosed. Poor utilization of spirometric confirmation for COPD is common. 15, 16 In the outpatient setting, under diagnosis of COPD was found in 77% of 1540 interviewed patients who were tested by spirometry for confirmation. A "clinical diagnosis" of COPD was confirmed by spirometry in just 30% of these individuals.
17 Thus, the clinical diagnosis of COPD in the outpatient setting was incorrect 70% of the time. Inpatient diagnostic confusion regarding COPD may be more common than in outpatients. Hospitalization for an acute exacerbation may be the first manifestation of COPD that leads to a clinical diagnosis. Inpatient spirometry is not currently recommended for assessing severity of COPD. Clearly, in this setting patients are not at their baseline because of muscle weakness, air trapping and bronchospasm that result from an exacerbation.
Spirometry performed in the outpatient setting is clearly superior to inpatient testing. However, spirometric documentation of airflow obstruction performed during a hospitalization for AECOPD could better allocate inpatient resources. The utility of inpatient bedside spirometry to establish a diagnosis of COPD is unknown. This study tests the hypothesis that spirometry performed in the inpatient setting, while lacking sensitivity to judge severity, can be valuable in documenting the presence of airflow obstruction. Identification of a sensitive inpatient test that can delineate an AECOPD from other causes of shortness of breath has the potential to focus care, avoid unnecessary medications and prevent readmissions. 
AECOPD Care Plan
Inclusion criteria for the care plan were:
• hospitalized patients, age > 40 years,
• with a smoking history >20 pack years, and • symptoms consistent with AECOPD (defined as increased wheeze and/or dyspnea, cough, change in sputum color, requiring systemic corticosteroids +/-antibiotics and hospitalization).
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Exclusion criteria for the care plan were other causes for respiratory symptoms such as pulmonary embolism, congestive heart failure, interstitial lung disease exacerbation, pneumonia and pneumothorax. As part of the care plan, bedside spirometry was performed.
Spirometric Testing
Inpatient spirometry was performed in the seated position by respiratory therapists during the hospital admission, when patients were no longer in respiratory distress, able to complete a full sentence and not using accessory muscles of respiration, using an Easyone spirometer (EasyOne Plus Diagnostic Model: 2001, manufactured by ndd Medizintechnik AG, Zurich, Switzerland; distributed in the United States by : ndd Medical Technologies, Andover, Massachusetts). The Easyone spirometer has high accuracy, robustness and portability. It was used in Burden of Obstructive Lung Disease (BOLD) studies around the world, which involved 18 sites, 17 countries, 12000 participants.
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Outpatient spirometry was performed within 4 weeks of hospital discharge using a Medgraphics spirometer (Medgraphics Cardiorespiratory Diagnostics, Elite DX, Medical Graphics Corporation, St. Paul, Minnesota) Methods according to American Thoracic Society/European Respiratory Society standards.
20 Acceptable vital capacity maneuvers lasted 6 or more seconds and at least 2 replicate maneuvers were required. Replicate was defined by the difference between the 2 highest forced expired volumes in the first second (FEV1) and forced vital capacity (FVC) values were both <150ml (or <100ml if FVC<1L).
Obstruction was defined as FEV1/VC<0.7 for outpatient spirometry where VC was the greatest of the 2 measured vital capacities, FVC or slow vital capacity (SVC).
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For inpatient spirometry, FEV1/FVC<0.7 defined obstruction as the portable spirometer was not able to measure SVC. A restrictive pattern was defined as having reduced FEV1 and FVC (<80% predicted) but with a normal FEV1/FVC (inpatient) or FEV1/ VC (outpatient) ratio (>0.7). Normal spirometry was defined as FEV1 and FVC more than 80% predicted, and FEV1/FVC (inpatient) or FEV1/VC (outpatient) ratio >0.7. Severity of airflow obstruction was defined by Global initiative for chronic Obstructive Lung Disease (GOLD) guidelines 13 (GOLD 1: FEV1>80%, GOLD 2: 50%-80%, GOLD 3: 30%-49%, GOLD 4: <30%)
Study Variables
We collected the baseline characteristics age, body mass index (BMI), days from admission until inpatient spirometry, days between inpatient and outpatient spirometry. Other variables included FEV1, FVC, SVC, FEV1/VC, FEV1/FVC and their percent predicted from both in-and outpatient spirometry. The National Health and Nutrition Examination Survey III reference equations were used to determine predicted values.
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Statistical Methods
The data distribution was assessed for normality using the Shapiro-Wilk test. Where normal distribution was present, means and standard deviation were expressed. This occurred for age. Where data did not follow a normal distribution, medians and interquartile ranges were used. For association between inpatient and outpatient FEV1 and FEV1/VC ratios, Pearson's correlation was used while paired sample t tests were used to compare the difference in means, with 95% confidence intervals expressed. For comparison between the means of variables with a normal distribution (age) in the obstructed, restricted or normal spirometry groups, Student's t-test was used. The patients in the restricted group had significantly higher median BMI compared to the obstructed (p<0.0001) and normal groups (p=0.012). The obstructed spirometry group had a greater proportion of males compared to the restricted and normal spirometry groups. Those with obstructed spirometry were significantly older than the restricted group (mean difference 4.7+/-2.0, p=0.019), but this did not reach significance compared to the normal group (mean difference 6.6+/-3.4, p=0.054) Among the obstructed, restricted and normal spirometry groups, there were no significant differences in days between Results admission to inpatient spirometry, and days between inpatient and outpatient spirometry ( Table 2) .
In-and Outpatient Spirometric Testing
Inpatient spirometry was performed 2 days (median, IQR 1-3) from admission. The median number of days between inpatient and outpatient spirometry was 12 (IQR 9-16). Spirometry values for both inpatient and outpatient are shown ( Table 1) . The majority of patients (40.9%) were in GOLD stage 2 (FEV1 50%-80%), 49.1% had severe (GOLD 3, 38.4%) or very severe (GOLD 4, 10.7%) airflow obstruction. Table 3 provides a comparison of inpatient versus outpatient spirometry patterns. None of the inpatient spirometry performed in this cohort were normal (FEV1 and FVC both more than 80% predicted). Of the abnormal inpatient spirometric tests, 5.7% (9/159) were normal on outpatient spirometric testing. Inpatient FEV1/FVC ratios correlated well with outpatient ratios (r=0.69, confidence interval (CI) 0.60-0.77, p<0.0001; Figure 1 ). The area under curve for predicting outpatient obstruction using inpatient spirometry was 0.82 ( Figure 2) . The sensitivity and positive predictive value using inpatient spirometry to predict outpatient airflow obstruction was high at 94.4% (119/126) and 82.6% (119/144) respectively. Negative predictive value and specificity are 53.3% (8/15) and 24.2% (8/33) respectively.
Correlation of In-and Outpatient Spirometry in Demonstrating Obstruction
Correlation of Inpatient with Outpatient FEV1
There is a moderate linear correlation between inpatient and outpatient FEV1 (r=0.73, CI 0.65-0.80, p<0.0001) (Figure 3) . A paired sample t test found that the mean difference between inpatient and outpatient FEV1 was 0.44+/-0.03 liters or 17.3+/-1.13 % predicted (p<0.0001) for FEV1.
There was also moderate correlation between inpatient and outpatient FVC (r=0.76, CI 0.69-0.82, p<0.0001) (Figure 4) as restriction only represented 4.4% (7/159) of the total cohort. Poor effort, weakness and early airway closure associated with an AECOPD could lead to air trapping and therefore, a restricted pattern.
Complete pulmonary function tests with pre/post bronchodilator assessment and lung volume testing, which is not usually feasible on an inpatient basis, are required to identify these patients. Failure to confirm inpatient testing when outpatient stability is achieved fosters misclassification of this group of patients, and it is vital that an accurate diagnosis and treatment plan is made, in a timely manner. Patients found to have restrictive inpatient spirometry should not be dismissed as not having COPD. Inpatient spirometry correlated moderately with outpatient severity (r=0.73) but the mean difference in FEV1 was large (0.44 liters or 17.3% predicted). Thus, 35% of patients with mild and moderate obstruction were misclassified as having severe airflow obstruction based on inpatient spirometry. Although there are concerns about the quality of spirometry obtained during an admission for AECOPD, Prieto Centurion et al evaluated the quality of spirometry obtained from patients admitted for an acute exacerbation of asthma or COPD. 22 They found that 73% of 113 of spirometry tests had 3 acceptable efforts. The vast majority of hospitalized patients were able to perform adequate spirometry tracings. In this study, only acceptable FVC maneuvers were evaluated.
Rea et al found that there was no significant change at 4 days (median) between inpatient and outpatient spirometry performed 1 month later, and no patient moved more than one GOLD-COPD severity grade up or down over this interval. 23 White et al found that measurements were stable between day 5 and day 28 after an AECOPD.
9 In children and adolescents with cystic fibrosis, Sanders et al found that an exacerbation does not contribute significantly to within day spirometry variation, and there was no significant difference in coefficient of variation for FVC and FEV1 at admission, 3 days of discharge and follow up.
24 In our study, we found that the majority of our inpatients (52%) had GOLD stage 2 (FEV1 50%-80%), while 43% had severe or very severe airflow obstruction. Similarly, Mapel et al found in their cohort that 50% of outpatients with newly diagnosed COPD had GOLD stage 2, 31% with GOLD stage 3 or 4, and they also found that the majority were not receiving maintenance treatment.
25 It is vital that efforts are taken to identify these patients prior to discharge so they receive optimal management for COPD.
Inpatient spirometry can confirm a diagnosis of COPD with good accuracy in patients with a high pretest probability, but over estimates severity. These findings are similar to the above study by Rea et al. Spirometry performed earlier in a hospital admission (2 days median) rather than at discharge facilitates a timely diagnosis to provide multidisciplinary care under a focused COPD pathway during an inpatient stay and more prompt and therefore, more complete discharge planning.
Although the GOLD guidelines 13 state that spirometry should be performed when the patient is "stable and free from respiratory infection," access to outpatient services can be limited, due to distance, cost, and varying patient adherence, therefore, the opportunity for spirometry can be missed. The significance of these barriers to outpatient spirometry is demonstrated by a study by Volkova et al. 26 Among their hospitalized patients with COPD, they found that 12% had ever had spirometry testing performed.
Up to 40% of patients on our COPD pathway had no identifiable prior testing.
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Educational opportunities and management options can be missed if patients are discharged to outpatient follow up without spirometric confirmation of obstruction, possibly precluding a full understanding of the clinical significance of their diagnosis. These, among others, contribute to suboptimal medical management and readmission in the post discharge period. A retrospective study by Gavish et al found that 44% of patients admitted for AECOPD had follow-up visits with pulmonologists within 30 days of discharge, and not attending the follow-up visit was associated with almost 3-fold increased risk of hospitalization within 90 days of discharge.
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Limitations of our study include the relatively small number of patients as well as the retrospective nature of our study. While we recruited patients from our COPD pathway, those who had preexisting spirometry did not need to have inpatient spirometry, so these patients were not part of this study. We also only included spirometry within 1 month of hospital admission for more reliable comparison. Hence, we were unable to have corresponding spirometry to compare in-and outpatient for many patients. We also did not assess lung volumes and so restriction could not be confirmed where spirometry demonstrated a restricted pattern.
There was variability as to when inpatient spirometry was performed relative to admission and discharge and also when outpatient spirometry was performed relative to discharge date. Because the focus of this study was the predictability of the pattern of spirometric abnormality rather than severity, time constant variability was not expected to be problematic. Patients in the obstructed group did not have a significantly different number of days between spirometry compared to restricted or normal spirometry groups. As expected, evaluation of the effect of these variables showed little effect on outcome.
Despite these limitations, we derive conclusions similar to others, which support the use of inpatient spirometry to confirm airflow obstruction in the acute exacerbation setting, when the diagnosis of COPD is presumed but not previously documented. We recommend the use of inpatient spirometry to identify airflow obstruction in new patients presumed to have AECOPD. 
Conclusion
Inpatient spirometry has good accuracy in identifying airflow obstruction and has been shown to facilitate early detection of COPD.
Confirmation of an AECOPD diagnosis early during the hospitalization allows immediate resource utilization and early multidisciplinary interventions, crucially augmenting the armamentarium that may reduce COPD readmissions.
